Currently, the best means of managing and preventing breast cancer is through early detection and identification of women who are at significantly increased risk for the disease. Those who are at increased risk are candidates for genetic testing involving the BRCA1 and BRCA2 genes. However, those who present with an occult cancer present a significant challenge in regard to etiology, which can have an impact on decisions about cancer risk management. We report here on two cases demonstrating an association between occult cancer, with suspected breast primary, and the presence of a BRCA gene mutation. These cases draw attention to the fact that occurrences of occult cancer, in particular those with a suspected breast primary, warrant consideration of genetic testing for possible mutations in the BRCA1 and BRCA2 genes. This is especially important as identification of a mutation will impact secondary cancer risk and medical management decisions.
C urrently, the best means of evaluating and preventing breast cancer is through early detection and the identification of women who are at significantly increased risk for the disease. Mutations in the BRCA1 and BRCA2 genes remain the most commonly known causes of hereditary breast and ovarian cancer. Women with mutations in either the BRCA1 or BRCA2 genes are known to be at significantly increased lifetime risk for breast and ovarian cancer, which includes risk for multiple primary tumors. Knowledge of this risk can be vitally important to risk management decisions as well as treatment decisions in the event of a cancer diagnosis.
The National Comprehensive Cancer Network guidelines on Genetics/Familial High-Risk Assessment: Breast and Ovarian Cancer identify women with different combinations of personal and/or family histories of breast and ovarian cancer as being candidates for genetic evaluation and testing; however, these guidelines do not address situations of occult findings. We argue that a woman who has been identified with an occult malignancy should also be considered for genetic evaluation and testing. This is because identification of a BRCA1 or BRCA2 mutation (or other hereditary cancer gene mutation) would confirm the likely etiology of the occult finding and possibly affect treatment decisions and future cancer risk and associated management decisions, which could include considerations for more frequent screening and/or prophylactic surgery. This article presents 2 cases of occult breast cancer associated with mutations in the BRCA genes as supporting evidence of the importance of including genetic evaluation in the workup for occult malignancies. endometrial cancers. There was no known paternal family history of cancer.
Predicted risk for developing breast cancer and BRCA mutation likelihood (Table 1) . Several risk assessment models were used to develop estimates regarding the patient's risk for breast cancer (prior to her occult cancer diagnosis) and the likelihood for a BRCA gene mutation. The figures returned by all of the applied models predicted her likelihood of developing breast cancer to be consistent with that of the general population (10%-12%). In addition, estimates regarding the likelihood of identifying a BRCA mutation in the patient were also similar to general population carrier frequencies (Ͻ 1%) and did not exceed 5%, even when calculated using her occult cancer diagnosis as a suspected breast primary.
Pathology and type of cancer diagnosed. Pathology from the left axillary biopsy showed a moderately differentiated adenocarcinoma, ER/PR positive, HER2/neu FIGURE 1 Pedigree corresponding to Case 1. Arrow depicts patient described in case report. 
Case 2

Patient.
A 32-year-old white woman diagnosed with a right axillary cancer.
Evaluation. Mammography and breast ultrasound revealed benign findings confirmed by needle biopsy. A CT scan of the abdomen was negative, a CT scan of the chest showed postoperative changes in the right axilla, and an MRI of the breast and PET scan were negative. (The patient was diagnosed with a contralateral breast cancer at age 35).
Past medical history. Age 11 years at menarche, oral contraceptive pills used for 14 years, had never been pregnant, and had no breast biopsies prior to diagnosis of breast cancer at age 32. She also had a history of hypothyroidism, dermatomyositis, GERD (gastroesophageal reflux disease), and epigastric hernia repair. The patient was diagnosed with a single adenomatous colorectal polyp at age 28, and 3 hyperplastic colorectal polyps at age 32. Genetic evaluation included consideration of familial adenomatous polyposis (FAP); however, she did not meet the eligibility criteria established by her insurance company for coverage of FAPassociated gene testing, even though an attenuated form of FAP (AFAP) can be associated with 20 or fewer colorectal polyps.
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Family history (Figure 2 ). The patient reported being of Italian and Spanish ancestry maternally and Polish and German ancestry paternally. Family history was significant for leukemia in her paternal grandmother and breast cancer in a paternal great-aunt (diagnosed at an older age) and paternal great-grandmother (at an unknown age). The maternal family history included colon cancer in an uncle (in his 50s) and great grandfather (at an unknown age), as well as stomach cancer (at an unknown age) in her great grandmother.
Predicted risk for developing breast cancer and BRCA mutation likelihood (Table 2 ). In assessing the patient's likelihood for developing breast cancer, the standard risk assessment models estimated her risk (before her suspected breast cancer diagnosis) to be consistent with the general population risk. In addition, her estimated likelihood of having a BRCA mutation was consistent with general population mutation frequency when calculated before to her initial cancer diagnosis and was less than 10% (and less than 2%, based on one model) even after her initial cancer diagnosis. Only when calculating this patient's BRCA mutation likelihood given here 2 primary breast cancers did her mutation likelihood rise significantly above general population mutation frequency.
Pathology and type of cancer diagnosed. Right axillary mass pathology showed lobular carcinoma, ER/PR and HER2/neu negative. This triple negative hormone receptor status has been shown in some cases to be associated with a germline BRCA1 gene mutation. At axillary dissection, the patient had 17 of 19 positive lymph nodes. Initially, the suspicion was of either a breast or gastrointestinal origin. Subsequent to this axillary finding, the patient underwent esophagogastroduodenoscopy and colonoscopy, which yielded benign findings (1 hyperplastic prepiloric polyp and 3 hyperplastic colorectal polyps). These findings excluded a gastrointestinal primary neoplasia, leaving the multidisciplinary team to consider the axillary mass as being associated with a breast primary. Following axillary dissection the patient was treated with chemotherapy and radiation.
The pathology of the contralateral breast cancer (diagnosed at age 35) showed infiltrating ductal carcinoma with associated DCIS (0/5 sentinel lymph nodes were positive). The patient proceeded with bilateral mastectomy prior to genetic testing. After genetic testing that identified a BRCA1 gene mutation, the patient proceeded with prophylactic total abdominal hysterectomy with bilateral salpingo-oophorectomy and pelvic lavage; all were negative for malignancy.
Nature of BRCA gene mutation identified. The patient was offered and proceeded with genetic testing for mutations in the BRCA1 and BRCA2 genes. A deleterious mutation in the BRCA1 gene, specifically 187delAG, was identified. This BRCA1 frameshift mutation results in a stop codon at amino acid position 39 of the BRCA1 protein. Deleterious mutations in the BRCA1 gene have been found to be associated with up to an 87% risk of breast cancer and 44% risk of ovarian cancer by age 70. 5 In addition, BRCA1 mutations have an associated risk for second primary cancers, including a 20% risk of a second breast cancer within 5 years of the first, as well as a 10-fold increase in the risk of subsequent ovarian cancer. 6, 7 This BRCA1 mutation is an identified founder mutation in the Ashkenazi Jewish population.
Evaluation for occult cancer -suspected breast
An occult cancer that occurs in the axilla is considered a likely metastasis to the lymph nodes from a primary neoplastic tumor. The most common primary adenocarcinomas known to metastasize to axillary lymph nodes are breast, lung, thyroid, stomach, colorectal and pancreas.
Imaging
Upon diagnosis of an occult axillary cancer, the patient is a candidate for thorough workup including personal medical history, physical examination, screening blood work, and chest radiography. If the primary source of metastasis remains unknown, then extensive imaging techniques are used, including mammography, ultrasonography, computed tomography (CT) and/or MRI as these modalities can detect a primary tumor in the clinically uninvolved, yet suspected, breast. However, negative imaging findings do not exclude the breast as the primary site. In fact, studies have found that in about 16%-33.3% of cases, the primary tumor was never found, as in the situation of our cases.
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Biochemical markers
Another approach for determining whether a breast primary exists includes testing for estrogen and progesterone receptor status (ER/PR) and analysis of lymph nodes. A positive ER and/or PR status is consistent with a primary breast cancer. Alternatively, a negative ER and/or PR status does not exclude the diagnosis of a primary breast cancer and in fact, still supports the possibility of a primary breast cancer. Studies have demonstrated that ER, PR, and HER2/neu negative status is associated with breast cancer in BRCA1 gene mutation carriers. 12, 13 Estrogen and progesterone receptor levels are also used to assess and distinguish synchronous from metachronous tumors in bilateral breast cancers. Yirmibeşoglu and colleagues reported a case with an occult breast cancer presenting with an axillary lymph node metastasis and a contralateral breast cancer. They noted that when the diagnosis of breast cancer is accompanied by a contralateral axillary lymphadenopathy, there is the possibility of a second occult breast cancer (in the contralateral breast), which is the primary site for the adenopathy. This distinction is relevant because of differences in the therapeutic approach, but also because it relates to genetic risk in regard to metastatic disease versus multiple primary tumors, which warrants consideration of genetic testing.
Discussion
There are several models available for computing a woman's estimated risk of developing breast cancer and likelihood of a BRCA gene mutation. Because the methodologies used in most models for computing breast cancer risk apply to women without a personal history of breast cancer, the patients on whom we report here were not appropriate candidates for application of these models. However, we have retrospectively calculated their risk for breast cancer using these models based on their history 1 year prior to diagnosis of cancer to determine if they were considered at increased risk.
The most frequently used models are Gail and Claus, although the IBIS and BOADICEA models also provide risk estimates, with all 4 models taking into consideration different combinations of genetic and nongenetic factors. The Gail model takes into consideration the patient's age, race, history of breast biopsies, age at menarche, and history of breast cancer in first degree female relatives. 14 The Claus model calculates risk based on family history of women with breast cancer, but also considers age at diagnosis as well as first and second degree, maternal and paternal, relatives. 15 The IBIS Breast Cancer Risk Evaluation Tool incorporates family history factors (including breast and ovarian cancer) with nongenetic risk factors (such as age at menarche and reproductive history), as well as Ashkenazi Jewish ancestry to determine breast cancer and BRCA mutation risks. 16 The Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm (BOADICEA) model incorporates family history of breast (male and female), ovarian, prostate, and pancreatic cancers and history of multiple cancers to calculate cancer risk (both breast and ovarian) and BRCA gene mutation likelihood based on data from 2 population-based studies in the United Kingdom. 17 All 4 of these prediction models have limitations in their ability to provide an accurate risk estimate regarding the development of breast cancer. The Gail, Claus, and IBIS models are not applicable in women with a personal history of invasive breast cancer, DCIS, or LCIS (lobular carcinoma in situ). Neither do they take into consideration male breast cancer (although the BOADICEA model does). A strength of the IBIS and BOADICEA models is their ability to include family history through third degree relatives. The Gail model is limited to cancer history in only first degree relatives, and Claus extends only to second degree relatives. Furthermore, only the IBIS and BOADICEA models consider mutation status in estimating cancer risk and allow for inclusion of a family history of ovarian cancer (and in the BOADICEA model other less common BRCA gene mutation-associated cancers). In addition, when calculating breast cancer risk, the Gail model does not take into account the ages of breastcancer onset in a family or the existence of bilateral breast cancer. Thus, these models generate different figures for risk of breast cancer, have varying degrees of applicability on a case-by-case basis and/or may under-predict risk in women who have a limited family structure, or one or more factors that were not considered, as in both patients reported here.
Separately, models also exist to allow for estimation of the likelihood of identifying a BRCA gene mutation based on personal and family history, including the Myriad Genetic Laboratories (MGL) tables and BRCAPro, as well as IBIS and BOADICEA (as discussed previously, which also provide estimation of breast cancer risk). MGL publishes BRCA gene mutation prevalence tables based on personal and family history information received on blood samples sent for genetic testing in their laboratory. There are separate prevalence tables depending on whether the individual is of Ashkenazi Jewish ancestry or not. 18 The MGL table (http://www.myriad.com/lib/brac/ brca-prevalence-tables.pdf; circa 2010) was based on 162,914 observations; individuals for whom relevant personal and family history information were not provided to the laboratory were not included. The BRCAPro model is a computerized model for finding the probability of a BRCA mutation based on a woman's personal and family history of cancer. The 2 scientific bases for the BRCAPro model include incorporation of the autosomal dominant nature of inheritance with the BRCA1 and BRCA2 genes, as well as use of Bayes' rule for deriving the probability of a mutation, conditional on an individual's family history of cancer. 19, 20 The MGL table, BRCAPro, IBIS, and BOADICEA models all calculated the likelihood of identifying a BRCA gene mutation in both cases presented here, prior to the patient's diagnoses of occult breast cancer, to be consistent with the mutation likelihood in the general population. In addition, even after their cancer diagnoses, only the MGL table and BRCAPro model returned mutation likelihoods above general population risk, and yet these mutation likelihoods were still less than 5%. Despite that, in both currently reported cases, a deleterious mutation was identified in one of the BRCA genes-BRCA2 in Case 1, and BRCA1 in Case 2. These findings suggest that in assessing an occult cancer with axillary involvement, especially in young women and when breast cancer is suspected, we need to consider genetic risk assessment and testing of the BRCA 1 and BRCA 2 genes.
Based on the different risk assessment models (for both breast cancer and gene mutation likelihoods) neither of the cases presented here would have been considered at high risk for developing breast cancer or be identified at hereditary risk for such. However, as shown, despite the risk assessment model's predictions, both cases were found to be associated with hereditary risk for cancer. Based on that finding, we would argue that it is important to consider potential hereditary risk beyond simply running risk assessment models or applying established testing guidelines in the situation of an occult malignancy because the limitations of those methods of identification could miss identifying potential hereditary risk in an occult cancer situation. Although we have discussed here occult cancer in the situation of a suspected breast primary, we would suggest that modification of evaluation for hereditary risk be considered in other occult primary situations, especially in the presence of an early age diagnosis, that is, younger than 50 years.
Conclusion
There is limited information in the medical literature on occult-suspected breast-cancers in the presence of a BRCA mutation. Both women in our case reports presented with axillary cancer, were suspected to have metastatic disease with breast being the likely primary tumor, and had an extensive workup including a multidisciplinary approach. Based on the young age at cancer diagnosis in both women, this raised consideration of possible genetic or hereditary cancer risk despite the otherwise unremarkable family history. Although their risk for breast cancer and/or likelihood of a BRCA gene mutation was statistically similar to that of the general population before their cancer diagnosis, and the mutation likelihood was still low after their (suspected) breast cancer diagnosis, their age at diagnosis coupled with the level of suspicion for a primary breast cancer supported proceeding with genetic evaluation and testing for mutations in the BRCA genes. Both women were positive for a deleterious BRCA gene mutation (1 in BRCA1 and 1 in BRCA2), meaning that both women were at significantly increased risk for breast and ovarian cancers. Thus genetic test results supported the most likely primary source of neoplasia as being the breast, as well as supported the consideration (and eventual pursuit) of risk-reducing prophylactic surgery.
This case report serves as an example of the importance of considering and offering genetic evaluation and (if appropriate) testing in the presence of single, isolated cases of early onset occult cancer. Identification of a BRCA gene mutation in this setting not only allows for the identification of individuals at significantly increased risk for breast and ovarian cancer, but promotes use of that information for informed medical and surgical management decisions. In addition, it provides the basis for a preventative approach for family members at potential risk.
